Acoustic Characterization of

Mesoscale Objects

Picosecond
pulsed laser

Mesosctﬂe is an emerging area of sci-
ence and engineering that focuses
on the study of materials with dimen-
sions, features, and structures that range
from a few millimeters down to a few
micrometers. Mesoscale objects typical-
ly have embedded features that require
resolutions on the order of a few
micrometers. Mesoscale nondestructive
characterization technologies are
required that can, first, penetrate into or
through a few millimeters of diverse
materials and, second, provide spatial
resolutions of about a micrometer.

An acoustic technique is attractive
because it offers high sensitivity to fea-
tures such as thickness and interface qual-
ity that are important to mesoscale
objects. In addition to the resolution
requirements, many
mesoscale objects
require a noncontact
technique to avoid dam-
aging fragile surfaces.
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Figure 1. Schematic of Laser UT. Laser UT uses a pulsed loser as a source to generate acoustic waves, and a
loser interferometer to detect them. The source and receiver can be on the same side (as shown) or on oppo-
site sides of the object. The acoustic wave travels through the object before it is defected. Use of a pulsed
lser gives temporal resolution to the defected signal.

For more information contact Diane Chinn
(925) 423-5134, chinn3@Inl.gov

Project Goals

The goal of this project is to research
characterization of mesoscale objects using
noncontact laser ultrasonic (UT) techniques
(Fig. 1). Spatial resolution requirements in
mesoscale objects require the use of fre-
quencies from 100 MHz to 10 GHz to
acoustically characterize features from 5 to
0.5 um in size. At this time, laser UT in this
frequency range does not exist (Fig. 2).

The three phases of this project are via-
bility (FY2004), prototype (FY2005-
FY2006) and demonstration (FY2006). The
biggest challenge to this research, addressed
in the viability phase, is the propagation
distance attainable at GHz frequencies.
Mesoscale objects usually have structures
with thicknesses on the order of 25 to 200
pm. Inspection of these structures requires
propagation distances of the same order.
Propagation distance is governed by attenu-
ation of the acoustic wave and is strongly
dependent upon material.

Another challenge to this work is the
identification of optimal laser parameters to
mitigate ablative damage to the object upon
acoustic wave generation.
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Relevance fo LLNL Mission

This proposal impacts the DNT, NIF,
Engineering, and Chemistry and Materials
Science Directorates through high-energy-
density physics laser target fabrication
and characterization. Other applications,
such as fuel cells, biological cells, and tis-
sue research, will benefit the
Nonproliferation, Arms Control and
International Security, and the Biology
and Biotechnology Research Directorates.

Center for Nondestructive Characterization

FY2004 Accomplishments and Results

In FY2004, the viability of using GHz
ultrasound in materials important to the
Laboratory was demonstrated using a
laser-based acoustic system at frequencies
ranging from 500 MHz to 1 GHz. From
these measurements, acoustic velocity
and attenuation at 800 MHz are derived
for some materials (see table). Also list-
ed in the table are ablative and thermo-
elastic propagation distances. These
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Figure 2. Chart showing two key parameters describing acoustic characterization: which systems exist, and the range of the particu-
lar technique.
Approx. Prop. Prop.
ablation  Attenuation Wave Wavelength distance, distance,
energy @0.8 GHz speed @0.8 GHz  thermoelastic  ablative
Matericl W (dB/mm mm/ps (pm) (pm) (o)
Aluminum 0.13 49.9 6.58 8.2 700 1100
Copper 0.14 77.8 4.07 5.1 225 525
Vanadium 0.13 52.3 5.88 7.4 225 825
Gold 0.16 58.6 3.25 4.1 200 250
Tantalum 0.15 69.6 4.26 5.3 100 200
Polystyrene 0.2* 68.7 2.05 2.6 350 —
Polycarbonate 0.2* 40.1 1.95 2.4 525 —
Polyamide 0.2* 60.5 1.89 2.4 150 —

*thermoelastic excitation only

Measured laser and acoustic parameters from the laser UT system, demonstrating the viability of GHz acoustics.

FY04 - ETR - LDRD

propagation distances generally exceed
the 200-pm nominal thickness of
mesoscale objects. These results indicate
that GHz laser UT is viable for charac-
terization of mesoscale objects.
Establishment of viability sets the stage
for the design and construction of an
acoustic characterization system for
mesoscale materials.
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FY2005 Proposed Work

In the FY2005 prototype phase,
acoustic parameters measured in the via-
bility phase will be used to model GHz
laser UT. With this optoacoustic model we
will determine resolution and penetration
capability of GHz ultrasound in other
materials; design the GHz acoustic sys-
tem; study the onset of ablation and its
effects on wave generation; and model
the characterization of mesoscale objects.

Designs for the acoustic characteriza-
tion system will be finalized, and con-
struction of the system will begin. Testing
of the system is scheduled to take place
during the second half of FY2005.
Extensive modeling of laser/material
interaction will be undertaken to assist
with modeling of the acoustic waves that
are generated and then propagate
through the material.






